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PHYSTCAL fHFMTSTRY OF FXOTHFRMTr GAS-AFROSOL CALORTMFTRY

1. !NTRPODUCTION

Infrared radiaton n the atmosphere above normA, backround level.s (an

t # produced in a variety of ways. For example, combustion gases1 can produce

sipnificant amounts of radiation in the infrared repion ()-?C um). However,

tnP total mass of material, and thus the radiant emittance, is small. Tn

addition, the gas cloud rapidly cools and disperses. Tn order to

.inficantly increase the amount of airborne material, an aerosol must be

employed.

At ambient temperatures (250 C) the maximum of the blackbody emission

curve is at about 1030 cm-1 (Q.7 Vm), which means that a few deprees increase

n temperature will produce an increase in spectral radiance on the other of

51 at 9-10 Vm. A highly conducting and absorbing substance may approximate a

blackbody, but most real aerosol particles will at best be "grey" bodies with

perhaps some superimposed structure (selectivity). The (equilibrium) thermal

emittance of an aerosol particle will therefore be less than that of a

blackbody at the same temperature, according to Kirchoff's Law. A second and

more selective method could involve the production of infrared fluorescence.

This would have the advantage of being selective as to wavelength range and

would thus also require much less total energy input.

Tn order to accomplish the desired goal, an exothermic chemical reaction

must be employed to raise the temperature of the aerosol particle above

ambient. This reaction must ultimately involve either the reaction of a gas

with the aerosol or the simultaneous generation of a very highly disperse co-

aerosol which will rapidly coagulate with the coarser aerosol and react. "his

is technically more difficult, and there would always be the problem of the

1 1
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nipnly d,perp aeroso. ron ,'..np with tsplf. Tn the forn er Cflse, the pan

ro.j.d t,, , ponornt.. H if, 'i ,,,1 .91- 11.:( (', -rior,)f,-,

A .Airoyp nir.i r of onmlon, reirtion stud.P rovh, been performed on tho

irp.'r nd )f the prtc.e Slze spectrum with rppmrd to the rombustion of fuel

Spr.ys mnd da.'t -i(oJd. nese invve pmrticlef; , tnh ,:i ppr-mlcron range

'.''-,O ;m ,  rfnpmccn, roenrtons r spons.b.e for no'tEorogeneous nuclear ion have

nlso re-n nvest-gated, and tne partclfe- .zs here are below 0.1 urn.

Ucowpvsr, ,ri'- nrosols are produced eitner by nacleatlon and prowth in the

atmospnPre or by nebulization followed by settling And coagulation, most of

tnosp nrnpve a relat.voly stable ePxstence in the i.-1' m urn range an smokes,

fogs pt-. These systems are polydisperse, with number densities generally

.Pss than Ilccm Nonethe.ess, there have been relatively few studies of the

rpan'tons of gases with aerosol particles in this size regime.

in princ.ple, the reaction rate may be controlled by gas phase diffusion
St.

of reactants and/or products in the particle, by the bulk chemical reaction,brcensseoussin prtce

or by processes occurring in the droplet interface reglon. Cadle and Robbins

have developed equations for some limiting cases and applied them to the "

reaction of ammonia w~th sulfuric acid aerosols in the 0.2-O.Q Pm range and

to the reaction of NO2 with a sodium chloride aerosol. Tn the former case, it

was suggested that the rates in concentrated 12504 droplets were controlled by

diffusion of renction product in the particle. In dilute H2So4 droplets, the

rate was too fast to measure on their apparatus, and it was presumed that the

rate was controlled by gas phase diffusion. 
'q ,

Tnere nave also been a number of studies of the metal-catalized oxidation

of '302 in aqueous aerosols. Johnstone and Coughanour, 0 using a suspended" ':..

Y0O-10)O jm drop concluded that the reaction was liquid phase controlled with v-e'

all of the reaction occurring in the outer shell at high manganese

1*6
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-t(r,ntrn ton. At lower catalyst concentration, the SO, penetrated to the

-I Of ,n I n rop. The oxidation of .02 in 100-1000 w aqueous ammonia drops

w .:-n (cntrolPd by liquid phas diffusion. 1 1  4owever, Pxtrapolation of

• rnanosse catnlyzpd oxidntion rates in the supermcron drop to an

!'rrir*her . fop of 2O1im droplets predicted n rate 500 times than that

,)rr~rrvpd.

Pecause of the importance of atmospheric reactions, 1 1 stud~es have

fi,,sed on water droplets and reactions involving SO7, NO 2 NH'I, H2SO 4 and

various metal SA"lS. Tn these cases, the complex reactions are generally also

Accompanied by droplet growth. This is not the case in the well-controlled

react.on of submicron sized I-octadecene droplets with bromine gas.14

Although, this reaction is slow and not highly exothermic. Nonetheless, these

studies do indicate that it should be possible to produce thermal emission as

a result of a gas-aerosol reaction.

The objective of this work was to investigate by means of exothermic

reactions between aerosols and reactant gases the production of infrared '

radiation above normal background levels. 'he first stages of this

investigation involved an examination of the feasibility of observing such

infrared emission by examining a number of candidate (model) gas-aerosol

systems. The reaction of a chlorosulfonic acid aerosol with ammonia/water k;

vapor as the reactant gas was found to give reasonable emission levels, and

was used for a confirmation of the feasibility studies. This work is

described in the proceedings of the Chemical Systems Laboratory (CSL)

Conference on Obscuration and Aerosol Research (1979 and I W), and summarived

n a final report to the US Army Research Office. 1 5 17

In the second stage, a more quantitative study of gas-aerosol reactions

was initiated, and experimental methods were further developed. Temperature-

distance and radiant emittance-temperature profiles were obtained, and a new

I- i9
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monodisperse aerosol generator was designed. 'his is described and summarized

in the proceedings of the IcIP (L Conference on Obscuration and Aerosol

1P 1q 20Research, a tocnnical report, and Journal article.

We report nere on the operating characteristics of the monodisperse

aerosol gpnerntor, the dosipn of a flow system for kinetic studies, and the

determination of the spectral distribution of the infrared radiation emitted

from the reaction of chlorosulfonic acid aerosol with NH1 and water vapor.

2. AFROSOL GFNERATOR

A schematic of the apparatus is shown in Figure 1. Helium carrier gas

produces NaCI nuclei in the furnace (B), and this gas stream is then used to

atomize the liquid in the nebulizer (E). The concentration of nuclei may be

controlled by both the flow rate and the length of tubing between the furnace

and nebulizer. The syringe pump is adjusted to maintain a constant level of

liquid in the nebulizer to provide a constant output rate. The total amount

of liquid in the nebulizer is about Oml, and a syringe of any convenient size

may be employed. Typically, IOml of liquid will provide about two hours of

continuous operation. "he polydisperse aerosol entering the heated zone (H)

is vaporized, and part of this vapor is recondensed on the salt nuclei in the

air and water cooled chimney sections (J and K). The homogeneous

(monodisperse) aerosol emerges from the outlet (L). Once the furnace and

evaporator are at temperature, the colors of Higher Order Tyndall Spectra

(HOTS) are observed within a few minutes of turning on the carrier gas supply

(maintained at 20 psi guage). The aerosol output stabilizes within ten

minutes.

The entrance chamber (G) is 2 cm inside diameter (T.P.) and 14 cm long.

The tube from the nebulizer enters about midpoint. This tube connects via a

24/40 standard taper to the evaporator (H) and air cooled chimney (JQ) which is

10
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n s.ngie tube of 1.J cm T.I. and V; -m long. A Pnpth of 2 cm wrapped with

nfq*,np tape is the evaporator sertion (W. 'he, water cooled condensor (Y) is

2 "im long witn a 1.2 rm T.T)., and connects to (J) via a 2n/4) .iont. "'rp

o~tot (i) .s A reduction fittinp wnhch nerks down w.trn 7 cm to a I)., Om

1.T' . tube from whicn the aerosol emerges.

Tne nebulizpr output increases slightly with increasing flow rate (% 7_5

;'min), althougn the mass concentration was approximntply constant at 2.5 +

'. 1 x IC' - g 'L ("9t of nis is lost in the entrance chamber). The

po.yd.sperse aerosol Pnterin, the heated zone is completely vaporized at 12q° ?

as rvodenced by the lack of botn wall condensnte and any visible aerosol for

about 2-1 cm above the heating tape. Most of the remaining 21t represented by

this vapor is lost be condensing on the walls of the cooling chimney, and only

about i emerges as homogeneous aerosol. The evaporation temperature does not

appear to be too critical as long as it is above some critical value. Por

example, at a flow rate and furnace temperature of 1.x1/min and 'o0° '

respectively, essentially the same polarization ratio curves were obtained for

evaporator temperatures of 1000, 1290, and 10c Or . Powever, at %°C,

appreciable polydispersity was evidrtv .

A number of experiments were carried out under a fixed apt of conditions

in order to test the stability and reproducibility of the generator. Py

stability, we mean the uniformity of the particle radius as measured over a

given period of steady operation of the generator, usually from several nours

a day. The stability is illustrated by the the results in "'able I obtained

over a period of I hours. These have been selected from among scores of

A
similar results as being typical of the performance of the generator. '"he

mean radius is 0.62P pjm with a relative standard deviation of 0.41. Py

reproducibility we mean uniformity of the particle size under the same

operating conditions on different days or on the same day, with an intervening

, ., .. .,
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pr, od wnrnt 'nf, ponirqt,,r wyi -,Itn(r .nit down or oppr l.tI. jn'1'r I.ffr.r-n*

,ond,, ,ion, . n . , - r .p 2, r ( vpr .i four montn porBnd",

Table I. Aerosol Generator Stability Under Continuous Operation at a Furnace

Temperature 590C, Evaporator Temperature 125'C, arJ Helium Flow Rate of 3.3

Liters Per Minutes

P.Jn 
'  PAdiuA ( tjy

-r frn.rlr

00 n . rIYP

S190 (). GQQ

Note: 'he rdii were determined from lipht sentterinp measurements by the

poinrizaton ratio method at two wavplpngths.
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Table 2. Aerosol Generator Reproducibility (Vide Text)

Run TImP R~dius (Jm)

m0 in.

Shours

16 F hours n. r),

in hours n "r

26 Or4

A4 2 days 0.619

0). rI?P

4V 8 days n. OP

400.0

60 20 days 0.640

61 0.r70

72 2 months 0.610

77 0.610I 4 months 0.614

P6 n.62P

Note: Same conditions as in Table 1.

The effect of flow rate on radius number concentration is shown in

figures 2 and 3. The radius decreases with increasing oven temperature anii

Lncreasing flow rate due to an increase in nuclei concentration and possibly

bit less mass transfer in the evaporator and a bit more condensation loss in

the chimney. This type of behavior has been observed in other generators.21

Since the number concentration increases linearly with flow rate and the mass 'r

concentration does not vary greatly (I.q + 2.9 x 10- 4 g/L the nuclei

concentration is roughly proportional to the flow rate.

13
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ni t .nt pit rt. s,.' ri -i m n ! i r. !'0f1rf or loort nf fncr 1(ofpfl'i onf tn'-

,xtnrln nuc.P. ,ono-ontr~qi*-or ,- nmy h . np (ntn n -rnlt ' Vy~

r.# r'"p'r :,' . wpr .nlort.d bptwppn tn" fujrnn -p Pnd .np nt i.-rr

r,'mvp' " ,in nuc . by diflrii- on to te w.- tnwj ds, rr s . n' tr,. r

*x ~r .r~i r Y ~pt tn, r ri. ,~ .r'

Table 3. Effect of Decreasing Nuclei Concentration (Increasing Tubing Length) On
Particle Radius at a Furnace Temperature 725 C, Evaporator

Temperature 125 C, Helium Flow Rate 3.3 Liters Per
Minute (Vide Text)

I- ,pn ptr Rndius of pmrticle om'

0. r0

0."

1 =7 1P. rto n. :;of,'_2'!

n .01

1 n0. 1;4"7

10 9. nn

I v7Ir(n 0 2

14n 30. 00 0.704

1.41 30. 00 0.'710

142 30.00 0.7"07

Tt may also be mentioned that we have also successfully generated

monod~sperse aerosols of sulfuric acid and chlorosulfonic acid in this

generator. All the components are glass, and the only change is the

replacement of Typon with flexible m"eflon tubing.

14
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!,CH7 ,ATnTRTPNG V"IBFMFNT!

:r. -, -Inonx serien 2lC 0 i0 ht srAatterin photometer was employed for

,,,:1r inp the sratterd hipnt intensity. 'he Aerosol was flowed through a

,. mlnr to tbt iearrhed py MAtiievi(, Vitani, and Yerkpr. 2 The only

-,i.r.rntion was thp nddit on of shenthinp gas (n~tropn) flow of 2.1 1/mmn

!r,,,nd -.hp .nt tab to improve columnarton and stability of the aerosol

stropm. The standard slit in front of the photomultiplier was replaced by a

, rulnr nperature of I mm d.nmeter in order to minimzze the solid Angle

.- btended by the pnotomultiplier. 'he Lnternal surfaces of the cell were

paintpd black to reduce reflections And stray light. Sipnals corresponding to

the intensities of the vertically And horizontally polarized components of the

scattered lght were measured at 20 intervals between 500 to 1100. "'he 436-

and 46- nm lines of the mercury lamp were employed for All of the

measurements. A background correction, taken with no aerosol flowing, was

applied to the scattering measurements. After a set of background and sample

.ntensities were obtained as a function of angle, the set was repeated to

ensure constancy of the aerosol concentration and flow pattern. No

polarization of the mercury lroht source was detected at any scatterin angle.

Tne aerosol was d~luted by a factor of about i",0 and allowed to impinge

r on a 'leaned glass microscope slide from a tube of (. cm T.P. "'he slide was i

examined under a RPTCHEP' Light Microscope model number 124PAR2 at a 4

magnification of 110OX. A photograph is shown in Figure 4. 'he drops are

somewhat distorted from collision with the slide. However, measuring both the

, major and minor axis of each drop yields a mean radius of 0.61 um. which, may

be compared with a modal radium of 0.0 um from the light scattering

measurements (vida infra).

15
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5., MASS CONCFlNTRATTONq

The mass con-entrations rpportpd here were all obtained by allowing the

aerosol stran to pass throjgn '.,- om miliporp fIltprct, 1 inch in diameter, in

teflon nolders. Aerusol was rollectpd for I minutes, and the filter

assemblies wpigned on A f.ve-p aRe Ppttlpr balance, model HIP. The nebulizer

rate was obtained by weignin, thr nebulizer operating by .tself. Tne flow

rates were measured by reans of A(7 (Mass Tncorporated, Vineland, NJ Model

#7481 rotameters using #16 glass floats.

. INFRARFP FMISSTON

'The spectral distribution of the infrared (TR) emission from the gas-

aerosol reaction has been determined employing the experimental apparatus

shown in Figure 5. The reacting aerosol stream from the reaction tube passea

in front of a remote chopper placed in front of the monochomator. Since only

chopped radiation is detected by the pyroelectric radiometer, this eliminates

emission from the monochromator itself, which has been found to constitute a

significant background interference. Using this arrangement, a perfectly flat

baseline is obtained over the wave length range examined to date (2-19 pm).

The function of the concave mirror is to focus as much of the emitted TR

radiation as possible on the entrance slit of the monochromator. Low

* intensity, resulting in low signal to noise, is a significant problem.

- Operating withwide-open slits, the bandpass i 1.6 Pm. We have examined the

effect of decreasing the slit width down to a bandpass of O.2 m. Ahe half

width of the emission bands narrow, but the band maximum are unaffected.

Therefore, in the present study all spectra were obtained at low resolution.

* . For reference purposes, spectra were also obtained by fixing a graphite

rod in place of the aerosol stream. The rod was bored out, and a resistance

heater inserted. The surface temperature of the rod was measured by means of

t16
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n flat thermistor. 'nis arrangement was used in order to provide a heated

(mpproximate) blackbody source of the same geometry as the aerosol stream. As

n spcond reference, a flat plate target was positioned in place of the mirror.

Tns was n blackened metal plate through Which wAter was oirculated to control

tne temperature.

A spectrum of the IR emission from the reaction of a chlorosulfonic acid

aerosol with gaseous ammonia and water is shown in Figure 6. The two

reference spectra are also shown. These spectra have not been corrected for

the monochroator response (the grating is blazed at P p. The reference

spectra are blackbod .es at least to the extent that the maxima obey the Wien

d.splacement law. The emission spectrum from the gas-aerosol reaction is seen

to consist of two principal bands centered at about 11 and 11 v . The nominal

temperature of the reacting aerosol stream as measured by a thermistor is

72 0C, the sae as that of the reference targets. This 'nominal' temperature

however is not necessarily either the drop or gas temperature. The total

intensity emitted by the reaction is about 19% of that emitted by the graphite

rod.

It is immediately evident that the aerosol is not emitting as a

blackbody. It may also be noted that the emission should be coming from the

aerosol particle since nitrogen does not emit here. There is of course some

water vapor and ammonia gas also present at lower concentration. Water vapor

does not have any major absorption bands in the 11-13 pm region, while N H

does have a maximum at about 10.9 Vm. Therefore, it seems unlikely that the

observed )m emission is due to heat transferred to NH{J pas.

17
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Asidp from the onrr~,r nnd roiotnnt psos, wnat. possbio mntprials may bp

present dur~np tho coirso of ,hr' rp,t. un" 2'ome of the poqlhLbji,'s ,'1'

-u tsqtnnrs, PnArTted iroin'.rw..

4 solid (aeroso' or solutilon ('erosols

(Nil ,). solid (.qpros.ol) or solution (aerosol.

NP 41 :'( 4  solid (apru.ol) or solution (qerosol'

11.o ud (nerosol i

- pn or solution (Aerosol)

it is also conceivable that species such as NH 4 rIS(> can exist for short

p-r.ods n th naerosol part.'.P. An important question that we then wish to

answer s tne source of the observed emission. In Figures 7 and P is shown

-he Pm.ss~on spectru of thermally heated samples of NHd ', (NH 4' 2 SO4 and

T~' -. "he solid salts were pressed into KPr discs and placed in a heated

cell nolder in front of the chopper. The liquid CTSO7H was placed between

onr*,z plates .in the same ell holder. Appropriate background corrections for

Y~r nnd quanrtz were ade, nil At ")0°C. In addition, a CTSOIH aerosol was

tn*rMs'.y heated to 5 0 C by passing it through a hot tube. As shown in Figure

9, ootn the neated bulk and aerosol CISO9 H gave the same elssion spectra. In

ail cases, tne observed emission maxima correspond to the absorption maxima in

r4
tne IR spectra of these substances. Of the three materials examined thus far,

only CISO5H has a band at 11pm and none have A band at 1um.

What is perhaps more important to note is that no other emission bands in

tne P-1 jim region are observed from the gas-aerosol reaction, while all

bands are observed from thermally heated samples. Therefore, one possibility

.s that the It and 19 um bands are from a substance (or substances) which

IR

AlI:



n'vo. no other bnnd.s nt wPve1engths shorter than 11 tjm. A second and ouite

os p is;1 tl y iq thnt non-eqjiilbrium emission is being observed.

"nr.z means that some .nitial ,tapn of the reArtion leads to the population of

'i rrtir i..r norn. mode ofe A produrt, reactant or nddurt, which then directly

rnt*nr than dH.stributinp the vibrational excitation to other modes or to

"np Lttre (a.'., in effect, TR rheilumnesrence'. At this point,

'nr,.amirnenconce is still speculation And further studies will have to be

pprformpd to answer tnis question.

.FAC'TON KTNFTIC

We are designing a system in which to examine the kinetics of the

reaction between the gas and the aerosol. Monodisperse aerosols will be

employed, and rate studies performed as a function of droplet diameter and

reactant gas concentration. The first reaction which will be examined is that

between gaseous NV, and sulfuric acid aerosol. This system has been chosen

since it has been previously examined. R Tn addition, it has also been shown

to produce TR emission1 v and is chemically simpler than the rTSO.,.H system.

This apparatus will also be used subsequently to examine the CTS07H aerosol

reaction. "'ne basic idea is to react the aerosolA and pas for specified

lengths of time determined by the flow rate and reaction tube length and

diameter. The gas is then separated from the aerosol using molecular sieves,

and the aerosol collected and analyzed (Figure 0.

The generator used for producing monodispersed aerosol has already been

discussed above. The aerosol generator employed in this study produces

monodispersed aerosol at flow rates between 27 cmz sec. -  The mean diameter

of the aerosol is about 1.0 urn, which is determined on a Price-Phoer.ix light

scattering photometer by measuring the polarization ratio. 11sing the above

aerosol diameter, the number concentration is 1.2 x 10 cm- .
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mne pns-nproso. mxtr ,s ,onstrurted of glass (Pipure 10). On opposite

s~cps a. tne rounded pnd of a rylyndr.ral re ll, 10 mm in diameter And 10 mm

.ung, ire two orkf.res w.th 1.0-mm openings. At the outlet of the gas-aerosol

msxpr is a 14!c, proand plass female fittnp to arcomodatp the in mm diameter

rea't.on co.amns. Anutner m.xpr .s also constructed With the same type of

dps.gn nnd I.q-m orifices. However, the diameter of the lattpr design is

.ncrpnsed to 20 mm and tne ground plass fitting increased to 24/40 to couple

w.tn tne "()-mm d~ameter reaction columns. -he 1.R-mm orifices accelerates the

nrom.np gas and aerosol to a velocity sufficient to acnieve thorough mixing.

'he gas-aerosol becoes laminar immediately after leaving the mixing zone

because of the relatively large cross sectional area of the cell cavity. mhis

bensvior is observed by employing a visible tracer. 14ydrogen chloride gas is

intr A!ced through one orifice and ammonia gas through the other. Moreover,

tne Reynolds number for the 1O-mm and 20-mm reaction columns are calculated to

be 1 9 and 27P respectively. Poth of these figures are well in the range for

laminar flow.

The reaction columns are cyclndrical glass tubes of various lengths.

For short reaction ties, 10-un glass tubes witn 14/20 ground glass male

f. ttings at each end are used. In the interest of avoiding cumbersome

lengths, the 20-mm glass tubes with 24/40 male fittings are employed at long

reaction times.

Also, a system has been designed to monitor and control the reagent gas

concentration. '"his system consists of a micro-flowmeter ranging from 0.0 to

15.r) ml'min and a micro-flow valve with a vernier scale to ensure reproducible

P flow settings.

The separation column is P#mm in diameter which effectively increases the I

residence time of the gas-aerosol mixture to increase the extraction efficency

of ammonia gas from the aerosol mixture. Moreover, the intake ends and

r 20



,xhnast ends are tAper'd Ft 45 degrees to prevent sudden chanpes fn vo.Jam 1
wn.,-h in turn eliminates turbulence. The overall lengths of the sepnration

covities are 10 7m witn a 24/40 fPmAle fitting at the intake end for long

ronrtion times And A 14,'?0 fpmale fittinp at the .ntakfe end for short reaction

t~mea. roth separaton colunls have 24,40 male fittings At the exhaust end.

At the exhaust end of the separation column ss a 24/4n ground glass male

f~tting. A glass cap is placed in the exhaust end of the separation column

wn~en reduces to 1 4-inch teflon tubing. Ihe reason for a nonhermetie

separation system is because of molecular sieve replacement and cleaning ease.

-ne collection device is a 47-mm filter holder. A 47-mm teflon filter with a

r _m pore sazP is used for collectinR the aerosol. 'he teflon filters after

collection of aerosol are treated with 0.9 ml of ethanol to make the teflon

wettable for aqueous extraction. The filters are then submerged in a glass

titration beaker containing 50 ml of water. The glass titration beaker is

tnen subjected to ultrasound to facilitate and ensure complete extraction.

Ton chromatography is used to analyze both the ammonium ion concentration ,.

and sulfate ion concentration. Ton chromatography has the advantage of

determining the relative ammonium to sulfate ion concentration. Tt turns out

that this feature is a necessity, on account of the lack of reproducibility in

the sulfuric acid concentration. The lack of reproducibility stems from the

loss of sulfuric acid on the molecular sieves. A calibration curve for the

sulfate ion is very linear with a correlation coefficient of o.qqqq9Q. On the k

other hand, the calibration curve for the ammonium ion is nonlinenr. Since

the detector in the Dionex ion chromatotron is a conductivity probe, the

nonlinear behavior is expected for a weak electrolyte.

Before conducting the kinetic reactions an ambient flow rate of ammonia

is determined. A value of 0.23 mI/min is sufficient for the gas-aerosol

reaction without breaching the sieve column. Using the above ammonia flow

it~ 21
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.,1

n 0l )L, ,1 sor p rc-,,n t .f n.o I I wr m oi arir Yic d srwool In

r.'o r'od wi, n n i .w - , , F i ' r w.th n numbr r oncPntrWtfon

.-. ': : " " :' , IPIT- T , N

Wnn -,xnirr.n .nr ti,-iiroo, reprt.rn, q 'i funrt,.un or pnrtJP' Oize one

rorost-i. b~q.1n s tr kinot.(q, in know~np the pnrtiple szo' nnd thp si7o-

1,itr.,it.o!.n .. , monodispors~ty. Also, no",- information can be bsined from

, rn.n t 17.t, iistrih;ition bofore nnd nfter a rpartion. 7omptimes it

, eor, rpyqrv to ,#ee if the munodisper.ity hnnpgs as a function of timp. ms

lPtfrm.nP .. zP d.trih iton, techn-qojP likp monorhromatir lipht srctternp

orf, empoyed "o mpeaurre the polsrizntion ratio snf( impators which are time
.

"onsir-rnp nnd laborious. TtTsnv A monochromatic lipht source will afford the

partl.re si.r nDat only Ovives some indication of their monodispersity.

Fartnermore, many parameters must be determined or known to calculate particle

I * 7p, e.P., wavelength of incident light, detection angle of scattered lipht,

and refractive index of the aerosol component. Tn other techniques, such as

ePeetron m.cruscopy, preparatory steps must be taken to ensure the integrity

of .ne droplet shape on the slide. The above techniques will not yield

*nstantaneous or "on .ine data.

Ry employing a computer based white light scattering instrument no

previous knowledge of the aerosol composition is required. The polychromatic 'I

".ght source eliminates the dependence on incident light wavelength and

detection angle. Additionally, no Rie scattering calculations have to be

performed to generate scattering pattern graphs for comparison with Pie

scattering data.

The design of a white light scattering instrument can best be described

by dividing it up into four major components: optics, electronics, analog to

d. ktal convertor, and microprocessor.
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o", (ptioa- 4y.qtrT r'oninsts ol An optirn1 rvity, tungsten fLanment

,inp . 1 nmp , ()nd(n-pr #-nq, fixed l.,t relay 1Pns, ight trap

r,irnbolic m~rror, foca is lens, and photomultiplier tube (Fipurp 1 ). 'he light

"rr, tne t1,unp len ftlnment lamp pnnsps throuph condensinp lens and focused on

:no fdxpd olit, wnLch def~nes the cross section of the beam. The light then

parsesI throun the relay lens and the mage of tne fLxd slit is focused on

"ne axs of the flow tube. Tf no particles are present all of the 'ight from

tne ream is competely absorbod by the light trap. The light trap as placed

at sumn a distance from the image focal point, As to capture all of the

dvergent source light and none of the scattered light. Tn the presence of

aerosol particles some of the incident light is scattered and reflected off

.he parabolic mrror and directed towards the focus lens. At the focus lens

tne scattered light converges on A dinode in the photomultiplier tube. The

electricai current given off by the photomultipliper tube is proportional to

tne intensity of the scattered light.

At the present time the electronic designs, i.e., amplifying andI
stabilizing circuits, have not been completed. However, a proposed general

circuit system has been laid out (Figure 12). The line power is fed to a

stepdown transformer and after this point it is recified to P.C. voltage and

smoothed. The power is then distributed to the tungsten filament lamp 'a

amplifier, and high voltage supply. To prevent voltage fluctuations there are

"ndependent voltage regulators supplying the tungsten filament lamp and the

amplifier board along with the high power supply board. The photomultiplier

tube .s driven by the high power supply. The high power supply consist of a

high voltage transformer followed by a high voltage l.(. filter and regulator.

Tne signal coming off the photomultiplier tube is amplified and passed to a

pulse heignt discriminator to determine if the signal is real. Tf the signal

23
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is .sattnnt~ . -t ir, ionl ti n nnmp' and Co'd wnfrp thp pjak, volpge s

" tord find .q :,r t r is r 1, r r-,d t o tfn' na ojp to d "pi I.aI board. mh. Analog

q 1 -na s nen -,v d fi i Pp. aq " I4'f, f( and storfd .n the mc rorocpssor

flf rinn ,)p '.o (I 7 ,(;nvir I, r s n -Pr nmn r A P- I r( w-,th a Tnt

.rans aton I~f~i " and rosd ,.q .n a 2-10C F'xpan ion Pus Fgu re '4'. "he

-Temar A T" bonrd .q cr runf.pured for an ppht enannel differential convertor,

pLaa or minis i0 voi'ts .npit, and .npatlojtpzt (TI/0) mapped. Zero volt input

and .1 ' volt inpit correspurds to )Onjj and (YFFH, respectively. Similarily,

11 volts is sectioned into 204P division rojpnly five millivolts apart with 1P

rit accuracy and linearity. 'he Tecmar A'P board is capable of 2; KI{z data

Lnrojnput rate with an absoluits fujll scale accuracy of plus or minus the

least significant bit LSP) or A).O2; percent.

"he 7xdy Sorcerer computer is a ZPO based microprocessor containing 4RK

of memory and A 4MHz clock cycle. 'here is actually only 72K of RAM less the

CP/M operating system. 24 Peripherals consist of an Tntegral Data Systems

., printer, Amdex CRT, one single density and one double density Micropolis disk

dr;.ve (16 hard sectored).

ne printer ia strapped to accept parallel data and the CP/M operating

system s modified from a serial list driver to a parallel list driver making

tne two compatible. Parallpl data transmition is chosen by virtue of its high

data sending rate.

Tndividual' pisal addressing for high resolution graphs is not possible

with the Fx~dy Sorcerer computer. Rather the CRT is accessed in RxP picsal

matrices because of the hxcdy's screen RAN layout. 7 4 eb r f

Tn the following section the development of a software control system is

,i: discussed. Initially both the data acquisition and data maipulation program

are written in Microsoft AASTe (Appendix T). As somewhat expected, the data

~21
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d.i*.Fi po.nt. F n trl n(,i 'w q . r' nnpo (I do ii',i r-t r s-vi 'n~ de to i

i o ~t~r 1,r C #7rn m .'1 rsw r .t n .r n p ,rph y '. xin P7qP P w . t n FIC (,r,

Ap pend .x 1 T . - , d14t (i , ,i fc i i . .',n Ir,rrimr lhiis , - , i- 7- -.nl(,

7r., ru T)ro , e i i r as i:-, * twni rp (,on rf ' '1 pu I si n i nhd-:c r im.j noiI r , :iorp .9 r

r .1, -gA d ,'iatn r('t r-tv-va 3ystorr. "vopn w t.h asinp f qS]Zj, *flf ) nvP
,lftwnro- pn-kp proveI to no- ,.() *n~tx rnr on tn- tim- 'lompf ron ii ~ orr.

:-poed data9 Rruition. I~n#, majn problom lipsa n thp snr' p> nnd fold por*.-on

ofthe proivrxim be.np qync-nrono-,i.;, ,n(, tims- qampl .rp ntPrvq.. irp ,wu, fair

npnrt. to n*tta,.n mcrratp p--mk nf.,prts. In ct hor wordq, Lne -m-rn to.'rpne or

prPr-sion is jntirreptah.o in ('Conpa r'.fnon w-.th the 1 nu.il. voll t mor~ ~ t

on the A/P' boaird. -o nrreaqc the ratp of daita retrimv. Find to nalov-9t.' t.np

*..me demands on the m-(rroprocenqsor, ,n(, sample Find hold and pulse fPht

disrmnator re hardware rontrolied. '-ne data arn.jsitmon program wl

eventunlly be chnged to an interrupt driven subroutine to free up the

m.c-roprocesaocr to perform Inf datA mnanipu1at,-on propram .nen nio amed-ate daita C

routines, the intor-upt dr~ven da4ta arquisitiun program iswritten witn~speet 'rraoso gaefe~mtwt epc o.trut

opcode (Append~x TTT).

9.e

obsrth nvetro tn o then~l n tms frpd a-erosol -r1411a)vaocnation huldi to

2
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Figure 2. Radius as a Function of Flow Rate at Various Furnace Temperatures;

59OPC (open), 7250 C (closed). 7906C (half-filled)
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wavelengh (pm)
S.*Figure S. Emission Spectra at 320C of (A) Fiat Target.

(B) Graphite Rod and (C) C18O 3 H Aerosol - NH3 IH2 O Gas
Reaction (vide text)
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Figure 7. Emission Spectra of (A) NHn4 Cl and (8) (NH 4 ) 2 S04 in KBr Pellets

Heated to 50% C
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Figure 8. Emission Spectra Of C180 3H Heated to W0C
(A) Bulk; (B) Aerosol
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Ftp,. 9. Schematic of Gas-Aerosol Reaction Experiment
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Figue 13. Schematic of Single Particle White-Light Scattering Photometer
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APPE1Lp4 IX 

IU PiI NT "ENTER FILE NUHBER

20 INr tIT FS

Ju k-HI NT "ENTER NUMI3rER OR FAPTICLES YOU WANT TO COUNT.

40 I1PUT N

zu IHINT "ENTER NUMurR OP CHANNEL. ON A/D UONVERTIr? BOARD

60 INI'JI " Y

/V LUY 0 .Y

S0 DII H (N .L(N) F(N) X(2048)

u t t, ( I = I T
r)  

N

I (0 JUT 1 I 0

Ilu : INP ( ! )
120 IF S 0 COTO I 10
ajU Hit i): N!(3)

140 L(I ) 1 iP(2)
I tu N I XT I

18 6 '|r I.T N"I ARTI CLEC. ,AVE IEL1 CUNTED
170 P I:IT" LATA ACQUIZ :'I';Oil OVEr:

Ieo I !:N ": :NT Yl, 1AN 'f TO C.LL IHK RAW DATA "

I I' NINI . .-'/ i I FOR 110, 2 Fuk YLS "

.Uu 2I UT L.

210 It' D=1 THEN 280

ijo FRINT"COUNTS" ,"SIGNAL"

230 FOP 1=1 TO N
140 LET P(1)=H(1)*2,',6+L(I)

250 IF P(!))2048 THEN P(I),0

z60 PR!NT I , P( )

. Nu PR:-T "Nr'T iD YOU LIKE A HARD COPY""

290 P R T -77PE I FOR 14O. Z FOR YES

JU0 N IU r 1

310 IF 11 : ! TH EN 360

.i u LPRIT "COUTS", "SICNAL"

330 FOR I= I TO N

jq0 LPRI NT I.P(I )
J 0 NEXT I 

a

j6u rxtu;sT "DO YOU WANT TO SAVE RAW DATA'" '

370 PRNT "TYPE 1 FOR NO, 2 FOR YES "

JaU I NPUT K .

j, 0 IF K. I THEN 170
quu LLT N$."DATA"+F$

410 OPEtN "O",1 .} N$

v-' I'N N 1PI , N

4J0 FOR I-I TO Ni
rnuPtINTWI ,P( I)

"DU NEXT I N

,ou rINT "RAW DATA HAS 8EEN SAVED "

470 PRINT "WOULD YOU TO PROCESS DATA'""

4bu PHINT "TYFE I FOR NO, 2 FOR YES."

4V0 INPUT B

bv0 It' Dal THEN 1390

510 FOR 1-1 TO N

.agU A P(I)

LJ 0 X(A).X(A)+I
V4u. N4EXT I

ztlu ri(INT "WCULD YOU LIKE TO SEE PROCESSED DATA'"

t60 PRINT "TyPE I FOR NO. 2 FOR YES."

S11 INPUT T

500 IF T-1 THEN 640 3

vu IIIIT "SIGNAL "N or SIGNALS"

-t _mmm__mI,



iI

ju it X(A)-O THEN 630

20 PRINT AX(A)

:JU NEXT A

-qu VHINT "WOULD YOU LIKE A HARD COPY"'

50 PRINT "TYPE I FOR NO, 2 FOR YES

-6V INPUT V

70 IF V-1 THEN 730

,vu LPRINT "SIGNAL","# OF SIGNALS"

90 FOR A-0 TO 2048

uu It X(A)-O THEN 720

-10 LPRINT A,X(A)

z0 NEXT A

JU PRINT "WOULD YOU LIKE TO SAVE PROCESSED DATA'"

'40 PRINT "TYPE I FOR NO, 2 FOR YES

"50 INPUT U

60 IF U-I THEN 820

70 LET TI="PDATA"+F$

'S0 OPEN "O".02,T$

'Y0 FOR A=0 TO 2048

00 PRINT*2,AX(A)

jiv NEXT A

:z0 PRINT "YOU HAVE A MAX OF 2048 CHANNELS TO PLOT."

-30 PRINT "ENTER STARTING CHANNEL NUMBER."

140 INPUT C

-20 PRINT "ENTER FINAL CHANNEL NUMBER."

i60 INPUT Z

e70 PRINT "HOW OFTEN WOULD LIKE THE CHANNEL NUMBERS LABELED'"

i80 PRINT "ENTER NUMBER OF SPACES."

iv0 INPUT L

-uu PRINT" NORMALIZED NUMBER OF PARTICLES"
10 PR INT " I ---- I --- I -- -I -- -I -- -I ----.. .

o20 FOR A-C TO Z

330 IF A(10 THEN E-3

-qu it A)wI0 AND A(100 THEN E-2

250 IF A)*l00 AND A(1000 THEN EnI

"6u IF A).1000 THEN E-O

:70 LET OaX(A)IN'50

-DU LLr G.CINT(Q)-l

190 IF A/L-INT(AIL) THEN 1050

:uuu IF G(-0 THEN 1030

:010 PRINT" " SPC(G)
''t

1
'

:020 GOTO 1090

:030 PRINT" I"

.uqu QUTO 1090

.u50 IF G(-0 THEN 1060

.ueu PRINT SPC(E)A"-" SPC(G)"'"

;070 COTO 1090

IUu PRINT SPC(E)A"-"

090 NEXT A

.. uu rmINT "DO YOU WANT TO REPLOT DATA?"

110 PRINT "TYPE I FOR NO, 2 FOR YES

IAU INPUT X

:130 If lot THEN 1150

-u (aUTO 320

su PRINT "WOULD YOU LIKE A HARD COPY OF THE PLOT?"

.160 PRINT "TYPE I FOR NO, 2 FOR YES."

.1/v INPUT J

.180 IF JuI THEN 1390

.IYU LPRINT" NORMALIZED NUMIER Of PARTICLES"

.200 LPRINT" -. .I I t I I I ! ! I. .

n'4

Iilk
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IZI0 FOR AuC TO Z
1220 IF A(10 THEN E 3
tiju IF A>=10 AND A(100 THEN =2.

1240 IF A)=100 AND A<I000 T{EN Eat

i tu IF A)=1000 THLN* E1

;.260 LET G=X(A)I/N 50

Si. u LET C.C,:JT(O)-i
1280 IF A/L=iNT(,.L1 THEN 1340
1cyo IF C(-O THEN 1320
1300 LPRINT" I" SPC(G) '' al °

1 lO COTO 1380

1 3 20 L FItI N T " : "

lSv GOTO 1380
1340 IF C.(=0 THEN 1370

Ls LPh I N-1 SP C (E) "" SPC( G) "

1360 COTO 1380

11/U LPRINT SPC(E)A"- '

I ?80 NEXT A
i i Y&) PRINT "'V.OULD YOU LIKE TO COLLECT NONEg LA',A)"

1400 1-RLN'4-. tYPE I FOR NO, 2 FOR 'iES."

1410 INPUT %W

1420 IF W-1 THEN 1450
1430 ERASE HL,P,X

1440 GOTO 10
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APPENI1 X I I

EX IT tOU 0
START LXI SP, 9000HSTART STACK AT 9000

NVI H. 0014 . It4IT I AL I I DATA OT(jIA(r ,- L

MVI L 0 4H SE 'I!1 , U'U ft ';"o ,
PUSI !1 .Ill. 'Or T0TA. NUJ::I13El I'F DATA 7 AT

TOP O I"'I"ORY "!'ArK

.IV I L OOH F,ETFIW; EII h ' FT r rrAU FA.':L

?IV I, 0 1 H , .u 'I :i,; H , YTE FOi LrA, ANZ,

REA ! 1 1 A 0 ,REAT) CA,;. 0. C

OjUT 0 , ET M IJX

JUUT I STA UT C u:X 1 US ! ON
LOOP! I4 I R : A 1) FiA U .

)I;, C

J14C LOP1'I r F k rU. Y , JAIT LOU'1

I : 03 ,R!A. 11 Li'-7

k P I, . .. , .Lp ;i v 1 , 0 F I'r P . TH AL A N 1
J c READ, I I V A iL, L Z- L Cj'.Z; IHI it tH FY E _I LN

READ C?.,NEL 0

JZ CaIp. ,IF VALUE IS 0 THEN COIFARE L,-,V iY''L

Mov e, A STORE "ELJ2 :s ,

IN 2 ,REAV LOW PYTE

NOV C, A STORE VALI.E Il RE .;T' ,

JMP R ADZ ,JUHP TO KLAL'., CHAN:LL
COMPI IN 2 ;READ LO%,' r .":E

ClIP " , COI 'FP R P VE 'I.' :PI'A L .
JC HEAfl . JU'N T' .. ; L '' . . p./'I ~ C. R ~ CD E A

RLA, [2 MVI A,0 ;RFAD CHA4':LL '

OUT 0

OUT I START CONPERS ION

LOOP2 IN I ;READ STATUS

RRC

JNC LOOP2 ;Ir BUSY WA.IT LONGE R
I N 3 ;READ HIGfi BY.'E

CMP D ;COMPARE WITH H:GH pYTE or SEAD 3RAH:BE

JNZ LEAVE .IF NON-ZERO JUMP TO COMFAL -; ;M VALJE

ALREADY EXISTING

CMIP B ;COMPARE WITH VALUE ALREADY EI. TIN

-. JZ COMP2 IF ZERO JUMP TO READ LO'. BYTr

IN 2 ;READ LOW BYTE

CliP E ;COMPARE VALUE WITH DEAD BAND

JC SAVE ;NEW VALUE MUST BE LOWER THAN E..AD EAIID

SO JUMP TO THE SAVE ROUTINE

JMP READ- ;JUMP TO READ CHANNEL 0
LEAVE CMP a ;COMPARE VALUE WITH R CISTER B

JC READ2 IF VALUE I, LESS TH;.. EXIST:I., VAIUE
JUMP TO READ CHANOI.: 0

- OV FA STORE VALUr IN REGISTER B

I N 2 ,READ Lu'J CYTE

ClIP C ,C c IPAr.t '1.: "i. 4 F:'5 TrF

JC kLAL) , IF VALUE I., LE.! THAN LIS , VAE. UL

4~6
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THEN JUMP TO READ CHANNEL 0
MOV C.A ;STORE VALUE IN REGISTER C

iMP READ2 ;JUMP TO READ CHANNEL 0

COMP2 IN 2 ;READ LOW BYTE

CMP E ;COIPARl' VALUE TO DrAD BAND

JC SAVE ;IF LESS THAN DEAD BAND JUMP TO SAVE

ROUT I NE
CMP C ;IF VALUE VA, GREATER THAN DEAD BAND

COMFARE WITH REGI'TER C
Jc READ2 ;IF LESS THAN EXISTING VALUE, THEN. JUIMP

TO READ CHANNEL 0

MOV C.A ,STORE LARCER VALUE IN REGISTER C

imp READ2 ;JUMP TO READ CHAN;EI. 0

SAVE PUSHI BC ;MOVE MAX VALUE TO THE TOP OF MEMORY

STACK

MV! B,00H ;CLEAR REGISTER B FOR NEW VALUE I4 NEXT

RUN

MVI C, 001 CLEAR RE :F 'ER C F(",'( NVWt! VAL'?-F IZN NEXT

RUN

INR H ;INCREME14T VALUE IN RL6:2'TE. H 70

INDICATE ANOTHER PASS

MOV A,H ;MOVE VALUE IN H REGISTER TO COMPARE

CMP L ;COMPARE VALUE WITH L c

CONTAINS THE NUMBER PASSES TO BE RAN

JNZ READI ;IF VALUE DOESN'T E(.UAL THE HUMBER OF

PASSES TO BE EXECUTED JUMP TO THE BEGINNING OF THE PRC.R:,- ;'"

READ CHA;INEL 0

JMP EXIT :EXIT TO CFM SYSTEM
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AP'PENDIX IIII

EXIT LOU 0
LD DE,060014

LOOPJ IN A,(OIH)
RRA

RRA
J P tCic LOOP I
LD A.(00H)

OUT (00OH) 'A

OUT (01H) 'A

LOQE'2 111 A, (01H)
PRA

35' NC,LooF'2
IN A, ( 03H)

114 A, (02H4)

LD L A

LD
C P D

jp JZ ,LOCF I

LU A,C
C P E

L L~ o" 7FrH.OON :

F EX T4

484
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